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Figure A. Flowchart for deriving the dataset used for the Mendelian randomisation analyses. The 16 GWAS
of the modifiable risk factors are described in table S2. BMI = body mass index; GWAS = genome-wide
association studies; HDL = high-density lipoprotein; IGAP = International Genomics of Alzheimer’s Project;
LDL = low-density lipoprotein; MR = Mendelian randomisation; WHR = waist-to-hip ratio.



Odds ratio P
SNP (95% Cl) value
rs9349957 ; 1.90 (0.67,5.42)  0.23
rs7597412 ; 1.74 (0.69, 4.37)  0.24
rs12957516 T 1.68 (0.67,4.21)  0.26
rs12671937 . 1.50 (0.66,3.41)  0.34
rs58694847 ; 1.37 (0.57,3.25)  0.48
rs11588857 . 1.22(0.51,2.92) 0.65
rs76076331 : 1.12 (0.40,3.13)  0.82
rs11241565 ; 1.07 (0.41,2.81)  0.89
rs8002014 1 1.07 (0.51,2.25)  0.85
rs7791133 I 1.02 (0.40,2.59)  0.96
rs11712056 . 0.90 (0.47,1.73)  0.75
rs12354486 — 0.87(0.33,2.29) 0.77
rs148734725 s 0.85(0.39,1.88)  0.70
rs1873982 . 0.80(0.32,2.02) 0.64
rs7781266 s 0.73(0.31,1.73)  0.48
rs9686024 = 0.71(0.27,1.83)  0.48
rs72943001 = 0.70 (0.27,1.80)  0.45
rs117468730 - 0.68 (0.25,1.85)  0.45
rs2456973 & 0.67 (0.28,1.59)  0.36
rs2309757 —8— 0.66 (0.37,1.18)  0.16
rs12699131 - 0.66 (0.26,1.71)  0.39
rs13294439 - 0.60 (0.30,1.22)  0.16
rs10223052 . 0.54 (0.21,1.35)  0.19
rs61160187 . 0.50 (0.22,1.14)  0.10
rs77092939 — 0.48 (0.16,1.45)  0.20
rs34305371 . 0.48 (0.19,1.26)  0.14
rs7306755 . 0.48 (0.21,1.09)  0.08
rs62422661 a— 0.46 (0.21,0.99)  0.05
rs2457660 = ; 0.37 (0.14,0.99)  0.05
rs6882046 = . 0.36 (0.17,0.79)  0.01
rs1008078 - : 0.35(0.14,0.88)  0.03
rs12797960 ! 0.29 (0.11,0.72)  0.01
Overall (12=14.8%, P=0.23) <> 0.74 (0.63,0.86)  8x10°
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Odds ratio of Alzheimer's disease per log-odds of college/university completion

Figure B. Association between genetically predicted college/university completion and Alzheimer’s
disease. Squares represent the odds ratio of Alzheimer’s disease (AD) per genetically predicted one
unit increase in log-odds of having completed college/university; horizontal lines represent 95%
confidence intervals (Cls); diamond represent the overall odds ratio with its 95% Cl. SNP = single
nucleotide polymorphism.



Odds ratio P
SNP Nearest gene (95% ClI) value
rs2490272  FOXO3 E 2.83 (1.25,6.43) 0.01
rs12928404 ATXN2L T 2.06 (0.68, 6.24) 0.20
rs10191758 ARHGAP15 ; 1.35 (0.58, 3.15) 0.48
rs11138902 APBA1 E 1.21(0.40, 3.65) 0.74
rs6779302 DAZL/PLZL2 ] 1.17 (0.47,2.92) 0.73
rs16954078 SKAP1 . 0.76 (0.27, 2.09) 0.59
rs12744310 FOXO6/SCMH1 # 0.72(0.28, 1.88) 0.51
rs2251499  LINC00343/LINC00460 .: 0.69 (0.26, 1.80) 0.45
rs36093924 CYP2D7 s 0.59 (0.25, 1.36) 0.22
rs1906252  MIR2113 L T 0.50 (0.20, 1.26) 0.14
rs10236197 PDE1C L : 0.47 (0.18,1.22) 0.12
rs13010010 LINCO1104 & : 0.44 (0.15,1.31) 0.14
rs41352752 MEF2C T 0.36 (0.08, 1.59) 0.18
rs4728302 EXOC4 : 0.33(0.12,0.88) 0.03
rs7646501  NR1D2/LINC00691 : 0.29 (0.11,0.72) 0.01
rs6746731  ZNF638 7 0.25(0.08, 0.76) 0.01
Overall (I2=52.0%, P=0.008) < 0.73(0.57,0.93) 0.01
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Figure C. Association between genetically predicted intelligence and Alzheimer’s disease. Squares
represent the odds ratio of Alzheimer’s disease per genetically predicted one standard deviation
increase in intelligence; horizontal lines represent 95% confidence intervals (Cls); diamond represent
the overall odds ratio with its 95% CI. SNP = single nucleotide polymorphism.



Odds ratio P

Risk factor (95% Cl) value
Years of education
IVW a 0.89 (0.841t00.93) 2.4x10°
WM 8 0.91 (0.84t00.98) 0.01
PWM = 0.91 (0.84t00.98) 0.01
MR-Egger —— 0.72 (0.56t0 0.94) 0.01
College/university
VW = 3 0.74 (0.63t00.86) 8.0x10°%
WM - 0.69 (0.56t0 0.87) 1.4x10°
PWM —& 0.69 (0.56t00.87) 1.4x10°
MR-Egger = 0.67 (0.27to 1.64) 0.38
Intelligence
VW —— 0.73 (0.57t00.93) 0.01
WM —— 0.68 (0.47t00.99) 0.05
PWM —&— 0.62 (0.42t00.90) 0.01
MR-Egger i 0.91 (0.091t0 8.95) 0.94
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Figure D. Sensitivity analyses for the associations of genetically predicted years of education
completed, college/university completion and intelligence with Alzheimer’s disease, using four
different Mendelian randomisation methods. IVW = inverse-variance weighted (conventional
method); WM = weighted median; PWM = penalised weighted median (this method is a weighted
median method that downweights the contribution to the analysis of genetic variants with outlying
ratio estimates). The MR-Egger method did not detect evidence of directional pleiotropy (P=0.11 for
years of education, P=0.83 for college/university, and P=0.84 for intelligence).



SNP Nearest gene

rs215605 NA

rs13280604 CHRNB3/CHRNA6

rs1051730 CHRNAS3/CHRNA5/CHRNB4
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Odds ratio of Alzheimer's disease per 10 cigarettes per day increase in smoking quantity

Figure E. Association between genetically predicted smoking and Alzheimer’s disease. Squares
represent the odds ratio of Alzheimer’s disease per genetically predicted 10 cigarettes per day
increase in smoking; horizontal lines represent 95% confidence intervals (Cls); diamond represent
the overall odds ratio with its 95% Cl. The genetic variant in or near the neuronal nicotinic
acetylcholine receptor genes (CHRNA3/CHRNA5/CHRNB4) had a strong influence on the results and
excluding this variant yielded an odds ratio of 1.21 (0.56 to 2.61; P=0.62). NA = not available; SNP =

single nucleotide polymorphism.



Odds ratio P

SNP Nearest gene . (95% Cl) value
rs17685  POR = 070 (0.42,1.14)  0.15
rs2472297 CYP1A2 —-— 1.30 (0.99, 1.71) 0.06
rs4410790  AHR —.— 135(0.97,1.87) 0.07
rs7800944  MLXIPL E L 1.79 (0.88, 3.66) 0.11
rs9902453 EFCAB5 . 2.36(0.82,6.74)  0.11

Overall (12=50.1%, P=0.09) <> 1.26 (1.05,1.51)  0.01
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Figure F. Association between genetically predicted coffee consumption and Alzheimer’s disease.
Squares represent the odds ratio of Alzheimer’s disease per genetically predicted one cup per day
increase in coffee consumption; horizontal lines represent 95% confidence intervals (Cls); diamond
represent the overall odds ratio with its 95% Cl. SNP = single nucleotide polymorphism.



Odds ratio P
SNP Nearest gene 95% ClI value

rs10741657 CYP2R1 = 0.93(0.76, 1.14)  0.49

rs2282679 GC —‘ 0.92 (0.85, 1.00) 0.06

0.89 (0.73,1.07) 0.21

rs12785878 DHCR7 B

rs6013897 CYP24A1 =

Overall (12=0%, P=0.89) <> 0.92 (0.85,0.98) 0.01
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Figure G. Association between genetically predicted 25-hydroxyvitamin D and Alzheimer’s disease.
Squares represent the odds ratio of Alzheimer’s disease per genetically predicted 20% increase in
25-hydroxyvitamin D (250HD); horizontal lines represent 95% confidence intervals (Cls); diamond
represent the overall odds ratio with its 95% Cl. SNP = single nucleotide polymorphism.



Odds ratio P

Risk factor (95% Cl) value
Smoking quantity
Ivw —8— 0.69 (0.491t00.99) 0.04
WM —a— 0.64 (0.44t00.94) 0.03
PWM —a— 0.64 (0.44t00.94) 0.03
MR-Egger € & 0.36 (0.17t0 0.77)  0.01
Coffee consumption
IvW —8— 1.26 (1.05t0 1.51)  0.01
WM —— 1.32 (1.06t0 1.64)  0.01
PWM —&— 1.33(1.06t0 1.65)  0.01
MR-Egger & 1.13(0.591t02.17) 0.71

25-hydroxyvitamin D

IVW s 3 0.92 (0.85t00.98) 0.01
WM 2 0.92 (0.86t00.99) 0.04
PWM & 0.92 (0.86t00.99) 0.04
MR-Egger — 0.94 (0.82t01.08) 0.47
I T I I
0.2 0.5 1 1.5 25

Odds ratio of Alzheimer's disease

Figure H. Sensitivity analyses of the associations of genetically predicted smoking quantity, coffee
consumption, and 25-hydroxyvitamin D with Alzheimer’s disease, using four different Mendelian
randomisation methods. IVW = inverse-variance weighted (conventional method); WM = weighted
median; PWM = penalised weighted median (this method is a weighted median method that
downweights the contribution to the analysis of genetic variants with outlying ratio estimates). The
MR-Egger method did not detect evidence of directional pleiotropy (P=0.002 for smoking, P=0.72 for
coffee, and P=0.17 for 25-hydroxyvitamin D).



No of Odds ratio P

Risk factor SNPs (95% CI) value
Body mass index 77 —a— 0.79 (0.69, 0.92) 1.5x10°%
HDL cholesterol 71 —a— 0.75 (0.69, 0.82) 1.0x10™"
LDL cholesterol 57 —&— 231 (2.12,2.51) 4.7x10%
Total cholesterol 74 —a— 1.96 (1.81,2.13) 1.2x10%8
C-reactive protein 18 —a— 0.36 (0.33, 0.40) 1.1x108°
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Figure I. Associations of genetically predicted body mass index, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, total cholesterol, and C-reactive protein with Alzheimer’s
disease in analyses including the pleiotropic genetic variant near the APOE gene, which is strongly
associated with Alzheimer’s disease. HDL = high-density lipoprotein; LDL = low-density lipoprotein;
SNP = single nucleotide polymorphism.
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Figure J. Simplified diagram of potential pathways linking genetic variants associated with educational attainment and intelligence to these traits and to
potential mediators and Alzheimer’s disease. The dashed line represents pathways that would invalidate a Mendelian randomisation analysis of education
and intelligence in relation to risk ofAlzheimer’s disease. *For example self-discipline, organisational skills, better study skills, and brain function. TNutrients
and other compounds obtained from the diet or dietary supplements (eg, 25-hydroxyvitamin D [also determined to a large extent by sun exposure], folate,
vitamin Bi;, and homocysteine [determined to a large extent by dietary and lifestyle factors, such as folate and Bi, levels, smoking, and coffee
consumption]), which were examined for an association with Alzheimer’s disease in the present Mendelian randomisation analysis. CRP = C-reactive protein.



